Public pension systems based on the Notional Defined Contribution (NDC) principle were introduced during the '90s in Italy, Sweden and Poland, among other countries. They mimic private savings, in that individuals get back, as pensioners, what they contributed to social security during working life, plus returns. As such, NDC systems should realize actuarial equity and incentive neutrality. However, when one considers the presence of NDC pensions together with minimum and social assistance pensions, this is no longer true. Indeed, in all the three countries considered, the NDC system shows a regressive feature, which disincentivizes contributions, particularly from low earners, who would be better off entering, or staying in, the shadow economy. In order to reduce the extent of this phenomenon, we examine the effects of allowing accumulation of social assistance and NDC pensions, which would also improve pension adequacy. A complete accumulation of the two would solve the incentive problem, but would be costly and would require a structural reform of the pension system financing mechanism, altering the current balance between social contributions and general fiscal revenues. We show the effects of a change in the cumulation rules for social assistance and NDC pensions in Italy using CAPP_DYN, a populationbased dynamic microsimulation model, which allows assessment of the evolution of the pension system in the coming decades and the distributional implications of such reform.
The strengths and failures of incentive mechanisms in notional defined contribution pension systems *
Introduction
Pension systems based on the Notional Defined Contribution principle (henceforth NDC) 1 were firstly introduced in Italy (1995) , Sweden (1994 Sweden ( -1998 , Latvia (1995 Latvia ( -1996 and Poland (1999) as major, structural, reforms of their public pension systems. After fifteen years in operation, during which NDC has been gradually better understood at the international level, somehow it is becoming almost "fashionable", so that several other countries adopted it, or are discussing whether to go in such direction 2 .
However, there are still misunderstandings about the nature of NDC systems, their main advantages and shortcuts. While analyses and discussions can be easily found in the academic literature and in the websites of international organizations (Holzmann and Palmer 2006 , Quesser and Whitehouse 2006 , Whitehouse 2010 , most of the attention has been devoted to the flexibility of the design, to the presence of mechanisms of automatic adjustment of expenditure and contribution revenues, to the best way of taking care of increases in life-expectancy and to how guarantying pension adequacy. Instead, issues like the effectiveness of the incentive structure to contribute in a NDC system and its actuarial fairness have been receiving little attention: they are considered as embedded in the Defined-Contribution (DC) formula, and, at best, analysis has been made just comparing NDCs with Defined-Benefit (DB) private pension funds.
In such a framework, we are not aware of any contribution dealing with the issue we examine in this paper: the failure of NDC systems to guarantee actuarial equity and incentive neutrality when the interaction of NDC and social assistance pensions 3 is considered. Indeed, in presence of social assistance, low-wage workers, or those who experience intermittent employment histories, could decide that it is not worth for them to contribute to the pension system, as their NDC pension entitlement will not be larger than the social assistance minimum they would be entitled anyway. Furthermore, people that will end up with NDC pensions greater than social assistance endowments, could nevertheless find themselves not much better-off than those who receive social assistance or, at least, not so much as the contributions they paid would justify.
As said, this paper discusses the problem of effectiveness of the incentive structure of NDC pension systems, in particular at low wage levels. Section 2 briefly reviews some of the main features and strengths of NDC systems; section 3 considers the interaction of the NDC pensions together with social assistance and minimum pensions in Italy, Sweden and Poland. In section 4 we study the relevance of the incentive neutrality and actuarial equity problems in Italy for the coming decades using CAPP_DYN, one of the most advanced dynamic population-based microsimulation model in the EU (TARKI 2008) . In section 5 we use the model to evaluate the effects of increasing the possibility to accumulate social assistance and NDC pensions; we then discuss two alternative policy options: allowing full accumulation of the two, or rather, introducing a social security minimum pension, which is length-of-service dependent. Section 6 concludes.
The NDC principle, actuarial equity, incentive neutrality and automatic balance of expenditure and revenues
NDCs are public pension systems that, operating on a pay-as-you-go (PAYG) basis, adopt a DC pension formula, built around actuarial principles which mimic private savings. In other words, although workers' social contributions are not put aside, notional (i.e. virtual) individual accounts are built, where each worker contributions are credited till retirement, getting a return which is in line with the growth rate of total contributions in the economy. Upon retirement, the accumulated, notional, capital is converted into a pension multiplying the accredited capital by age-specific annuity coefficients, which are built on the same actuarial principle as of private pensions' ones.
Formally, pensions in a NDC system are calculated as: P NDC =εMC, where ε is the retirement age-specific coefficient (inversely related to the expected life-expectancy at retirement), while the α=contribution rate, L=length of service and δ=return rate on pension contributions which is typically set at the growth rate of total wages or GDP.
The advantages of NDC, with respect to the public DB systems they are typically going to replace, concern both the micro and macro aspects of pension policies (Holzmann and Palmer 2006) .
As far as the microeconomic aspects are concerned, the NDC building principle should imply, on the one hand, a certain (actuarial) equity among individuals and, on the other, incentive neutrality with respect to the retirement age, the age of exit from the labor market and the workleisure (or working in the formal -informal sectors of the economy) individual's choice.
As for actuarial equity, each year all workers get the same rate of return on their contributions, although the return rate may vary year by year. Thus, NDC systems do not redistribute resources among retirees, nor they prize more particular categories of workers or types of careers, as DB systems generally do 4 . Moreover, as NDC systems aim at giving back to individuals just what they put in the system (plus returns, net of administrative costs), provided the annuity coefficients are computed accordingly to sound actuarial techniques, they attain incentive neutrality 5 . Firstly, neutrality with respect to the retirement age is granted. That is because a later retirement implies that the notional pension saving will be multiplied by an higher annuity coefficient, which takes into account a lower life-expectancy, while new contributions will be credited to her/his account together with further returns on past contributions, which will be given back as future pension. Secondly, NDC systems are also neutral with respect to the choice of exit from the labor market, providing positive effects in labor market flexibility. In fact, an individual could claim her/his pension while still remaining at work, without this implying a redistribution in 4 We define actuarial equity as a situation where people have equal internal rate of returns on their contributions, which (under some additional assumptions on the time horizon and the type of career considered) is guaranteed in NDCs through the provision that each year an equal rate of return applies to every contributions (and to all pension savings accrued in the virtual individual accounts). While actuarial equity compares individuals, incentive neutrality deals with how social contributions affects individual's behavior, typically comparing the internal rate of return on contributions with an outside return. 5 It is important to notice that this neutrality only holds at the aggregate level, as it does not generally take into account gender differences in life-expectancy, as well as differential mortality risks according to individual socio-economic and health statuses (Mazzaferro, Morciano and Savegnago 2011). favor or against her/him. Finally, as contributions are given back to individuals once retired, they enter in the individual's life-time optimization problem as compulsory saving, not as taxes; thus, they do not distort individual's choice about labor and leisure or about working in the formal sector or in the shadow economy, at least as long as compulsory social contributions do not exceed her/his saving needs and the analysis takes into account the difference on return rates recognized on private savings (the market rate) and on NDC contributions (the rate of growth of total wages or GDP) 6 .
As far as the macroeconomic aspects are concerned, NDCs embed automatic adjustment mechanisms, which guarantee the equilibrium among pension expenditure, contribution revenues and the respective rates of growth. Such mechanisms rely, on one side, upon the link between the return rate offered on contributions and the growth rate of total earnings 7 and, on the other, on the update of annuity coefficients to changes in life-expectancy 8 . This, however, does not imply that in a NDC system the entire pension expenditure should be financed only through social contributions: general fiscal revenues could still be needed, in particular (and with relevance for our discussion) in order to finance social assistance programs, as well as to guarantee the accumulation of pension rights in case of spells of unemployment or training, sickness and maternity leaves.
It is remarkable that all of the above positive feature of the NDC system would be attained without the need to change the way of financing pension expenditure, i.e. avoiding the extra-burden that any shift from a PAYG to a fully funded system would entail in terms of greater taxation during the entire transition phase (first generation problem). Aside all these nice features, however, there is also some costs.
Firstly, generally NDCs appear less generous than the previous DB systems, which rises concern about future pensions' adequacy. This derives, on the one hand, from the specific parameters used in the old and the reformed systems and, on the other, from the fact that, while in the old systems typically only wages in years close to the career end or "best wages" in the entire working-life were considered in the pension formula, NDCs give equal weigh to all wages the individual received in her/his working-life, so that lower wages at the beginning of the career, or occasional drops of income, directly affect the amount of benefits.
Secondly, the automatic adjustment of expenditure to social contribution revenues in NDCs is pursued through a risk shift of both demographic and economic risks upon individuals, which was not present in the previous DB systems and it is not necessarily efficient from an insurance theory point of view. Indeed, in NDCs only longevity risks after retirement remain collectivized, all other risks being individualized (Marano 2006) . Finally, as NDC systems give equal weight to all wages earned by an individual, a crucial (Pigouvian) incentive mechanism embedded in traditional DB systems, which prizes individual effort and dynamic career, disappears. Thus, if it has the advantages of eliminating a regressive redistribution mechanism on one hand, it produces clear disadvantages in term of promotion of workers' effort on the other hand.
3. Social assistance minimum pensions in current NDC systems 3.1 How things change in presence of social assistance minimum pensions
The literature analyzing the pros and cons of NDC systems (see references above) generally implicitly assumes NDC pensions rich enough to not interfere with social assistance provisions. However, this should not be taken for granted and hides what we believe is probably the most critical incentive problem in NDC systems: the failure to deliver actuarial equity and incentive neutrality in presence of non-contributory, social assistance, minimum pensions which cannot be fully cumulated with the contributory ones.
Indeed, depending on the institutional setting, it is possible that low earners will end up with a contributory NDC pension which is lower, or not much greater, that the social assistance minimum they would get anyway, in absence of other sources of income. If that is the case, the payment of social contributions would originate zero, or very low, returns when the amount of social assistance benefits is taken into account in running intertemporal analysis.
In this section we analyze this problem with reference to the institutional settings and the pension system parameters of three main EU countries that adopted the NDC system in the '90s: Italy, Sweden and Poland; the situation is represented in Figures 1, 2 and 3 in each of the country considered, with reference to an individual without consort. In Panels a) of these three figures we show the amount of social assistance benefits (broken line) and the total amount of income the individual gets, as a function of the NDC pension matured (all variable are expressed as a fraction of countries' average wage 9 ). When the ratios between individual NDC pension and average wage is greater than 27% in Italy, 39% in Sweden and 15% (or 21%, see below) in Poland the total income equals the NDC pension since no social assistance benefits are received by the individuals. In the other case, the NDC pension is supplemented by the social assistance integration.
In Panels b) and c) we draw some indicators of the incentive problem: Panels b) show the implicit (marginal) tax rate, defined as the ratio of the increase of total income to the increase of NDC pension: clearly, when individuals' NDC pension (as a ratio of average income) increases, but total benefits increase less, or not at all, because social assistance benefits decrease, the implicit tax rate is positive, whereas equals to zero otherwise. In Panel c) we calculate the Net Present Value Ratio (NPVR) of the NDC pension payments flow, net of the full social assistance benefits payments, setting at 1 the NPVR in absence of social assistance (this choice is justified because, as said, incentives are a key element of our analysis and we are interested in a measure of the difference between the present value of contributions an individual pays and the present value of the flow of benefits she/he will be entitled because of such contributions, not being granted otherwise) 10 . 9 We considered the OECD average annual wages in 2009 (latest year available): 27,533 euro for Italy, 36,809 euro for Sweden and 9325 euro for Poland. 10 Thus, we arbitrarily assume a NDC pension formula that fully capture the actuarial principle, which is justified because our goal is to show the extent of departure from this principle when one takes into account social assistance. As a matter of fact CAPP_DYN, the microsimulation model we will use below in the analysis (see section 4), calculates the NPVR for each individual and has shown departures from the actuarial principle due to gender and socio-economic
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Italy
In Italy there is currently the co-presence of three different public pension calculation rules: people with more than 18 years of work seniority in 1995 have their pension calculated with a traditional DB formula; people that have entered in the labor market since 1996 are subject to a NDC rule; people in between have benefits calculated by a mix of the two systems, in proportion to the working-life spent under each one 11 .
Those who do not fulfill work seniority requirement to be entitled to a DB or mixed pension (20 years of contributions) can claim a pension calculated using the NDC formula, which only requires 5 years of work seniority. However, while pensions computed according the first two systems benefit from a (means-tested) minimum-pension supplement, bringing, as of 2011, the pension to 500-600 euro per month (6500-7800 per year, depending on age), a lower, socialassistance, non-contributory, minimum applies to people whose pension is calculated exclusively through the NDC formula, which in 2011 is worth 430 euro per month (5600 euro per year) and only for those above 70 years of age reaches 600 euro per month. Moreover, in the means-test for the social assistance pension, also the social security pension enters, although with a deduction of 1/3, within the limit of 1/3 of the social assistance pension itself. α=1/3=maximum deduction from the means-test in terms of social assistance pension; β=1/3=proportion of NDC not entering the means-test.
Thus, focusing only on people fully subject to the NDC regime, as shown in Figure 1 .a, the social assistance pension offers a minimum income to each individual. People that also benefit from a small NDC pension may reach a total income greater than the minimum by 1/3 of the NDC pension itself. However, for NDC pensions between 20% and 27% of average income (between 5600 and 7457 euro per year), total income remains fixed at 27% of the average income itself. For NDC pensions above such threshold, social assistance benefits fall to 0 and the individual only gets her/his contributory pension. In other words, people without other sources of income will experience an implicit tax rate of 2/3 of their NDC pension at low income levels, which rises to 100% in the interval 20%-27% of average income (when the limit of 1/3 of the social assistance pension is reached), and falls to zero thereafter (Figure 1 .b). The NPVR of the NDC pension flow, differences in mortality (Mazzaferro, Morciano and Savegnago 2011) . At the general level, it is often claimed that NDC pensions would not be fair from the actuarial point of view because they would be lower than those private pension funds would pay with the same contributions (Quesser and Whitehouse 2006, Palmer in Holzmann and Palmer 2006) . However, such claim derives directly from two specific assumptions: 1) that the return rate in a NDC system, thus the grow rate of total wages, is lower than the risk free, net of managing cost, market interest rate; 2) that annuities are sold in the private market at their true value, which many studies have shown not to be the case (Estelle and Song 2001 , Cannon and Tonks 2003 , Mackenzie and Schrager 2004 , Guazzarotti and Tommasino 2008 . 11 I.e., the number of years of work before and after 1995 over the total.
computed, as said, net of social assistance benefits (Figure 1 .c), drops to 33% for wages lower than 20% of average income and then further till a minimum of 25%; above 27% of the average income the indicator starts rising, going back to the benchmark value of 1 only asymptotically.
Sweden
The situation in Sweden is not too different than the Italian one. There exists a flat rate social assistance benefit, guarantipension, which is paid to residents independently of previous labor market experience and amounts to 9958 euro per year in 2011, which correspond to 2.13 times a "price-base amount" which is worth 42,800 SEK in 2011. The full amount is paid only to those with at least 40 years of residence in the country, whereas it is correspondently reduced otherwise. The guarantipension is subject to a means-test. In particular, NDC pensions lower than 16% of average income (5891 euro, 1.26 times the price base) are absorbed by the guarantipension. For those above such limit but with a NDC pension lower than 39% of average wage (14,352 euro, 3.07 times the price base), total income is given by 6895 euro plus 52% of the NDC pension. NDC pensions above 39% of average wage are not entitled to the guarantipension (Figure 2 .a) 12 . Figure   2 .b shows that the implicit tax rate is equal to 1 till the NDC pension reaches 16% of average wage (as in this interval everybody are brought up to the same amount of 27% of average wage), then drops to 48% till the NDC pension reaches 39% of average wage, going to 0 thereafter. As for the NPVR (Figure 2 .c), the high value of Swedish minimum pension translates in a corresponding lower NPVR for contributors.
Poland
The situation in Poland is partly different from the other two countries. The Poland system has two minimums, one which is a true social assistance minimum, set at 477 PLN per month in 2011 (about 1435 euro per year, 15% of average income) and a minimum pension for those who contributed for at least 20 (for females) or 25 years (for males) to the social security system. This second minimum, which in the Polish NDC system is also classified as social assistance and financed through general fiscal revenues, is set at 706 PLN per month in 2011 (2123 euro per year, about 23% of average wage) 13 . Apparently there is no possibility to accumulate either of the two minimums with a NDC pension, so that, as shown in Figure 3 .a, there are two flat intervals for total benefits, at 15% and 23% of average income (1435 and 2123 euro per year); above such threshold, the individual only gets her/his NDC pension 14 . Implicit tax rates (Figure 3 .b) are at 1 till individual's NDC pension becomes greater than the social assistance minimum, then fall and become negative upon reaching the work seniority which allows to benefit from the minimum NDC pension (here assumed to be reached with a NDC pension of 19% of average income), to finally end up at 0 for NDC pensions above 23% of average income. The NPVR tends to be 0 when one 12 For a couple, amounts and income limits are proportionally lower. Notice that a different benefit (maintenance support for the elderly persons) applies to individuals that do not have enough residence seniority to be entitled to a decent guarantipension. Furthermore, many elderly persons benefit from housing allowances. 13 Again, thresholds and amounts are proportionally lower for the couple than for the single, and other sources of social assistance (temporary benefits, housing supplements,…) also exists, being most often administrated at the local level. 14 In the case of Poland, differently than for Italy and Sweden, we also had to assume a certain number of years of contribution for each NDC pension, as, as said, the minimum social security pension is attributed upon reaching 20 or 25 years of work seniority. The situation shown in Figure 3 is broadly coherent with that of a male working at 50% of average income for less than 18 years (social assistance minimum), between 18 and 24 years (NDC pension above social assistance minimum but no right to minimum social security pension), between 25 and 30 years (NDC pension brought to the minimum), and above 31 years (individual receives only the NDC pension).
benefits from one of the minimums (with a hike in between the two), then increases, asymptotically tending to 1 (Figure 3 .c). 
An underestimated problem
As stated previously NDC pension systems fail to deliver actuarial equity and incentive neutrality at low income levels, when social assistance minimums (and the social security minimum, in the case of Poland) are taken into account. This would also originate a regressive feature within the NDC systems, as NPVRs reach the value of 1 only asymptotically as income increases, being significantly lower the lower the pension and the poorer the pensioner.
How important is this issue? Are we dealing with something which is affecting a significant share of workers and pensioners, or just a few, unlucky, individuals?
In Italy, currently 5 millions of pensions, out of 24 millions, benefit from the social security or social assistance minimums (of with 2.2 millions are old-age pensions, 0.8 millions socialassistance pensions and the rest invalidity and survivors pensions, Ministero del lavoro e delle politiche sociali 2011). The median pension is around 1000 euro per month (45% of average income, Istat 2011). Moreover, pension benefits are expected to drop in the future (see below and next section), which implies that data based on current benefit levels could even underestimate the problem.
The problem in Poland, as seen in Figure 3 , seems less pronounced, but this is mostly due to the lower levels of the two minimums (even when considered as a % of average wage) compared with the other two countries. As a matter of fact, it is expected that minimums will play an increasing role in the future and a change is expected "of the role of minimum pension from one of the tools supporting redistributive policy to the main tool of social policy preventing poverty among elderly persons" (Chlon-Dominczak and Strzelecki 2010); indeed, while Poland experienced during the last decade sustained employment and wage growth, its pension system will have to cope with a labor market where people are not anymore invariably registered as formally employed, as it was in the old era.
Finally, the strength itself of Sweden, which is able to grant to residents a high living standard, with a social assistance minimum standing just below 10,000 euro per year, triggers the weakness of the incentive structure of its NDC system, which does not perform well in terms of implicit tax rate and NPVR.
As a further element to evaluate the relevance of the issue we are dealing with, Table 1 shows the number of contribution years a worker at different levels of income (from 50% to 150% of the average) would need to reach a NDC pension equal to the social-assistance minimum (Italy and Sweden) and to the two distinct social assistance and social security minimums existing in Poland. Calculations are rough, but give powerful hints. Based on official theoretical replacement rates in 2006, in Italy an average worker has to contribute for 10 years to mature a NDC pension just equal to the social assistance pension, which rise to 20 years for a worker at 50% of average income. In Poland an average worker needs 11 and 16 years to reach the two minimums respectively, which become 21.5 and 32 years for workers paid 50% of the average. The Swedish situation, as seen above, appears worse than the others, because the social assistance pension is proportionally higher: an average worker will need more than 20 years of contribution just to mature a pension equal to the guarantipension, while a worker at 50% of the average income will probably not reach such minimum with the contributions of her/his entire career. Performing similar calculations using the replacement rates expected in 2046, as also shown in Table 1 (which would be more correct, as we are dealing with pensions in the reformed NDC systems), would only make things worse, even when the private pension component is taken into account.
Given this evidence, the possibility that low earners could end up with a NDC pension lower, or not much greater, than social assistance minimums appears as a realistic one and some individuals could actually be better-off hiding in the shadow economy than surfacing, which challenges the standard assumption that NDC pensions replicate private savings. Indeed, while this may be a problem of minor importance in countries where the informal economy only plays a marginal role, as in the case of Sweden, this is certainly not the case in Italy, as well as in many developing countries that could adopt the NDC system. From this point of view NDC systems could perform even worse than traditional DB systems, as these last rewarded length of contributions and were generally more generous, so that workers had some incentive at least to pay enough contribution to get recognition for each year of work and a concrete perspective of getting a pension significantly higher than social assistance minimums.
A microsimulation analysis
To examine the extent of the problem described above, we use a dynamic microsimulation model (CAPP_DYN) of the Italian population and pension system, which follows people through their life and work, retirement and death. Dynamic microsimulation allows not only to discuss average levels, but also the distributive properties the pension system is going to show in the future decades, while following people on a very wide variety of work and life events. Furthermore, using microsimulation, it is possible to better assess issues like pension adequacy, incentive neutrality and "fairness" (at the inter-generational, intra-generational and gender levels), which are closely related to the issue we are dealing with in this paper.
Below, we firstly briefly describe the main features of CAPP_DYN and then we show some results related to pension adequacy and the expected growing relevance of social assistance allowances in the Italian NDC system. In section 5 we use the model to evaluate the effects of increasing the possibility to accumulate social assistance and NDC pensions.
The CAPP_DYN microsimulation model
The results discussed in this paper are obtained using the latest version of CAPP_DYN (Figure 4 ).
All individuals in the sample are involved in a considerable number of demographic and socio-economic events, such as birth, education, (re)marriage and divorce, work, retirement, disability and death, dealt with in different modules, as described in Figure 5 17 . Events are modelled by means of finite and discrete Markovian processes and using the Monte Carlo technique. Thus, to model a change in the socio-economic characteristics of a sample member from one year to the next, one first fits to the data statistical models that capture all relevant aspects of the individual's transitions; then, one simulates the change in the individual's status, by making random drawings from the estimated models.
Transition probabilities of the socio-economic circumstances depend on individual characteristics and are estimated using a wide set of data sources. Certain behavioral functions have been introduced, the main one being that governing retirement choices. The model is calibrated in order to follow official GDP and wage trends.
Each annual cycle starts running a set of demographic modules (mortality, fertility, net migration) which, in line with the demographic projections of the Italian National Statistics Institute (ISTAT), determines the size and structure of the population in each year of the simulation horizon. Household formation/dissolution modules (parental house living decision, (re)marriage and divorce) allow the definition of the family structure in which each sample member is allocated 18 .
The second set of modules allows the simulation of individuals' educational choices, job decisions and earnings. In each of the simulated year, individuals incur in the probability of changing occupational status (full-time, part-time, out of the labor market, unemployed). For employed people, gender and sector-specific earning equations are used to compute cross-sectional age-earning profiles, making some assumptions regarding the treatment of the unobservable individual effect and expected earnings growth rate over the simulated period.
Once the population structure has been defined, and labor incomes have been generated, the model simulates the main social security benefits in considerable institutional detail, according to the pension scheme provisions in force. Individuals' retirement choice and the computation of old age, seniority and survivors pension benefits, as well as of social allowances, social assistance increases (maggiorazioni sociali) and social security supplements (integrazioni al minimo) are simulated in this module. Consequently, the model can estimate the distributional effects of key social security components, as well as the impact of social security reforms, allowing for the implementation of both cross-sectional (at different point of time) and inter-temporal life-cycle (of individuals living 15 In 2009 CAPP_DYN has been rewarded by the EU through the Progress program financing "actions related to the development of administrative datasets and models for labor market and pension analysis". 16 Currently, the base year population consists of about 270,000 sample members. 17 While the unit of simulation is the individual, CAPP_DYN also keeps information on family structure and any changes this may be subjected to over the course of time. 18 Health status and disabilities profiles are simulated using a procedure described elsewhere (Baldini, Mazzaferro and Morciano 2008, Mazzaferro and . Health status is not a direct outcome, but indirectly affects other economic dimensions (i.e. labor market position, earnings and receipt of disability benefits). during different periods) analyses. The effect of policy changes and other circumstances can be analyzed comparing two or more projections. 
Results of the simulation
In this subsection we present empirical evidences on the likely evolution of the Italian old age pension system following the reform process started in 1992, which brought to the introduction, in 1995, of an NDC formula and to substantial, although gradual, increases of the minimum retirement age 19 .
In the coming decades, Italian society and its economy are expected to experience important structural changes, in line with trends already taking place. Demographic and economic trends have been discussed elsewhere . For the purpose of the present study we present some indicators of the adequacy of the reformed pension system first, and we then move to study the part of the population of pensioners directly interested by the coexistence of a (NDC) pension benefit and social allowance benefits. We specifically attempt to address the questions raised in subsection 3.3, namely quantifying the relevance of the problem there discussed and provide information on the socio-economic characteristics of those who are likely to receive social allowance benefits in supplementing their own pension income. Figure 6 shows the evolution of the replacement rate of new retirees (computed as the mean between individuals' ratio of accrued gross pension in the first year of retirement and their last gross earning, both gross of income taxes and social security contributions). The figure highlights a significant reduction of the indicator, especially in the second part of the period when the NDC system will be completely phased-in. The average replacement rate, slightly above 70% at the beginning of the estimated period, decreases to about 50-55% at the end of it. It seems possible to identify three different time-intervals which witness the phasing in of the NDC system. From 2010 to 2025 we project a slow reduction in the average replacement ratios of new pensioners, as many workers will still retire with the old, DB, formula. The speed of reduction in the replacement ratio is expected to be higher from 2025 to 2035, when all workers will retire with a large and increasing part of their pension calculated through the NDC formula, with those who the full NDC system applies not benefiting anymore from the contributory minimum pension (integrazione al minimo), but only from the social assistance minimum. Afterwards average replacement ratios are constant at around 50-55%, as all new pensioners are of the NDC type. Figure 7 shows the evolution of the ratio between average old-age pensions and average earnings over the period under observation, computed among the entire population of pensioners and workers, respectively. The ratio increases up to the year 2023 and decreases afterwards. At the end of the period it is 10% lower than at the beginning. Two factors are jointly at work in explaining the evolution depicted. On the one hand, the absence of an indexation of pension benefits to real earnings tends to reduce the relative value of the former. On the other hand, the slow transition towards the less generous NDC system and the increase of statutory retirement age produce a more ambiguous effect, which helps to explain both the initial rise and the reduction of the ratio in the second part of the period under observation. 19 Retirement age for the old-age pension is currently 65 for all males and for females employed in the public sector, 60 for females employed in the private sector. To this ages a further period of 12-18 months adds before the worker can actually retire. In any case, it is possible to retire earlier with 40 years of contributions (regardless of age) or with 35 years of contributions (upon reaching certain ages). It is also possible to remain at work after reaching the old-age thresholds, which is particularly relevant for women in the private sector. All requirements are subject to further, gradual, tightening and, from 2013, will be updated accordingly to increases in life-expectancy. of old-age pension benefits which amount to less than 60% of the median earnings increases steadily from 59% to 70%.
Bearing in mind the problem of adequacy of the old-age pension system highlighted above, the next indicators aim at quantifying the burden on social assistance programs. %men % over 75 % old age pensioners single Figure 8 gives a broad description of the weight of social assistance pensions in the Italian social security system. As a percentage of old age pensions they are slightly above 6% in 2010, but over the considered period the share is expected to continually grow up to 18% in 2050. A similar trend (not displayed in the figure) is followed by the ratio between total old age pensions expenditure and total social assistance expenditure. Within the population of social assistance pension recipients, men will more than double their share moving from less than 20% to more than 40% of the total. A raising trend is expected also for individuals older than 80 years, living alone and receiving also an old age pensions.
In the remaining part of this subsection we focus on this last subgroup, namely NDC pensioners who are receiving a social assistance benefit in supplementing an old-age pension. Figure 9 shows that both the number of NDC old age pensioners and among these the number of the recipients of a social pension will increase (strongly) after 2030. After 2040, when the NDC system will be completely phased in, the share of the second group over the first will stabilize at around 20%. Figure 10 gives information about some of the characteristics of the population under observation: the share of single is constant at around 70%; the share of men decreases over the whole period, while it increases the share of the over 80. Interestingly only 40% of the population that receives a social assistance pension together with an NDC old age pension becomes eligible in the first year of retirement, the remaining part being those who will pass the means test in subsequent years given a worsening in the economic conditions caused by changes in the family composition and/or by the progressive devaluation of the NDC benefits that is constant in real terms in face of a threshold that grows with real GDP. With respect to the adequacy problem the current legislation does not seem to be able to cope with the problem, at least entirely. We computed the average value of social pension and the average value of the sum of social pension and old age pension. Table 2 display the ratio between these two values and mean old age pension / mean earning in different years of the simulation starting from 2020. Starting from the left side of the table results tell that the average value of social pension will remain constant with respect to average old age pension and will decrease with respect to average earning. A slightly less pessimistic message comes from figures in the right side of the table where the sum of old age and social pensions is compared with old age pensions and earnings. In this case both ratios are increasing but this is the result of the increasing level of the NDC benefits which allow individuals to receive the social pension. Finally Figure 11 plots old age pensions of social pensioners against the NPVR. As expected a clear negative relation between the two variables emerges. 
A parametric reform
In the scenario described above, we envisage to intervene with a simple parametric reform, increasing the possibility to cumulate social assistance and NDC pension. As said before, currently in Italy only a proportion β=1/3 of the NDC pension does not enter in the means-test for claiming the social assistance pension, within a further limit α=1/3 of the social assistance pension itself. While α is responsible for the implicit tax rate reaching 1 in Figure 1 .b, it can easily be dropped from the analysis, working only on β, the extent of the deduction of the NDC pension from the means-test. Accordingly, we assume a policy scenario where β rises to 1/2 and the α limit is lifted 20 .
Clearly, while dropping α allows to avoid the implicit tax rate reaching 1, the parametric intervention on β does not eliminate completely the incentive problem, only making it less pronounced in the interval where social assistance benefits are positive. Moreover, while such intervention certainly costs to the public purse, maintaining in place the means-test requirement to benefit from social assistance allows us to confine the improvement of the incentive structure and of pension adequacy only to those that were actually hit in their incentives and do not have other sources of income apart from their pension. Besides, the selective nature of this program allows to containing its cost.
The new situation is described in Figure 10 , which is also shown aside with Figure 1 (the status quo) and Figure 11 (which will be discussed in Section 5.2 below) for comparison 21 . In the reformed scenario, an individual benefits from a social assistance add-up to her/his NDC pension till the latter reaches 11,400 euro, instead of the previous 7600, and till such threshold the implicit tax rate drops to 50%, instead of the previous 66%-100% (Panels a and b). The NPVR in the interval where social assistance benefits are positive is still lower than 1, but not as much as before (it drops to just 0.5, instead of 0.33).
Our simulation shows that the proposed reform is not unsustainable from a macroeconomic point of view. Again measuring the ratio between social allowances over the sum of earning, the cost will be negligible in the short and medium run, when most retirees can still benefit from the social-security minimum pension, staying below 0.5% until 2030 and remaining below 1% (0.92%) also at the end of the simulation period. Figure 12 compares the number of old age pensioners who receive social allowance under the status quo situation and under our proposal. We scaled the numbers of our estimation in order to make inference to the whole Italian population. The figure shows that, as the NDC system starts being phased in, the difference in absolute terms between the two alternatives keeps growing, reaching roughly 1 million at the end of the simulation period. NPVR without social assistance NPVR considering social assistance Figure 13 recalculates ratios of Figure 9 under the reformed situation. It is immediately visible that the proposed reform allows a better performance of the ratio between the sum of old age pensions and social allowances over the average earnings. This index did not reach 30% under the status quo. At the end of the simulation in the reformed system is nearly equal to 35%.
In order to further evaluate the effectiveness of the proposed reform, we divided the whole population by quintiles of equivalised income. Figure 14 shows the proportion of NDC pensioners receiving a social assistance allowance in the first quintile of income distribution, in the status quo and in the reform scenario; while in the status quo more than 70% of NDC pensioners benefiting from social assistance would be in the first quintile, the reform envisaged would allow such percentage to drop to about 40% at the end of the simulation period, with many pensioners making their way to the second quintile, where 45% of them would end up at the end of the simulation period in the reform scenario, as against 25% in the status quo (Figure 15 ). It appears, therefore, that increasing the cumulability of NDC and social assistance pensions, as envisaged, could actually improve incentives and adequacy in NDC systems, without overburdening the public budget.
Other possible solutions and perspective work
The conclusions of the previous section state that increasing cumulability of social assistance and NDC pensions improves both effectiveness of incentives and pension adequacy. In this section, we briefly compare our proposal with two alternatives.
Firstly, one could design a situation where the NDC system incentive problems disappear completely and adequacy substantially increases: it is when full cumulation of social assistance and NDC pensions is allowed, i.e. β=1. In such case, represented in Figure 11 , shown aside with previous Figure 10 , the social assistance pension, while remaining means-tested, would become a 1,000,000 1,500,000 2,000,000 pension base, on top of which the NDC pension would add. Thus, implicit tax rates would stay at 0 and NPVRs at 1, regardless of the size of the NDC pension (Figures 11.b and 11 .c).
Clearly, allowing full accumulation of the two types of pension would imply a substantial increase of public expenditure. However, this rather extreme option should be explored together with a reduction of social contributions and an increase of fiscal revenues to finance it. Indeed, it could and should bring-in a reassessment of the current equilibrium between the different instruments of financing the welfare. This option could even originate a reduction of labor cost and/or an increase of wages, if social assistance would end up being financed through revenues from a larger tax base than labor. While this is certainly a scenario which is worth studying more in detail, it should be noted from the beginning that a different financing arrangement would not undermine the financial equilibrium of the NDC system, which allows for the presence of noncontributory components financed through general tax revenues.
A different perspective with respect to our proposal is the one developed by Pizzuti and Raitano (2011) . Wishing to address the expected fall of pension replacement rates in Italy, the authors examine a scenario where a minimum NDC pension is introduced, higher than the social assistance minimum and linked to work seniority and retirement age. The level of the minimum NDC pension would reach a maximum of 900 euro per month (2011 prices) for an individual retiring at 65 with 40 years of seniority, dropping to 710 euro per month in case of retirement at age While such measure has clear positive effects on pension adequacy, which are directly proportional to its cost and depend on the exact parametric specification chosen, it is worth noting the differences with our proposal as for what is concerned with the effects on the NDC incentive structure. Indeed, while the Pizzuti and Raitano proposal increases incentives to contribute to get an higher seniority to be considered in the calculation of the minimum, it also reduces incentives to contribute above the minimum needed to get recognition for each year of work. In practice, the returns on contributions increase above that recognized in the NDC system until the yearly minimum contribution is reached, then the implicit tax rate on all additional contributions during the year becomes 1. In other words, for those workers and pensioners that will end up benefiting from the minimum NDC pension, the DC mechanism would drop, the game becoming how large a fraction of a flat rate pension an individual will be entitled to, given her/his seniority and retirement age. Indeed, Pizzuti and Raitano do not consider such failure of the DC principle a problem, as they claim that one needs to reintroduce redistributive features within the pension system and that one has to take care of the fact that many workers with unconventional labor contracts have been subject for too many years to too little contribution rates (in order to reduce labor costs), and should not be penalized for this. We believe, however, that the reintroduction of redistributive aspects within the pension system could be done without necessarily jeopardizing the DC principle, following an approach more alike the one developed in this paper 22 .
Conclusions and future work
NDC pension systems are built on principles of actuarial fairness and incentive neutrality. However, the joint consideration of NDC pensions and social assistance, means-tested, benefits like those in place in most developed countries, changes the picture considerably. Retirees entitled to a NDC pension, even in absence of other sources of income, either will not benefit, or not benefit in full, of social assistance, or they will get social assistance losing a part of their contributory pension. This means that, when the situation of a NDC retiree is compared to the one of somebody that never entered the public pension system, actual returns on contributions granted by NDC are lower than generally though: net present value ratios are well below 1 and, within certain intervals of the NDC pension amount, implicit marginal tax rates may reach 100%.
As these problems are more pronounced at low income levels, such incentive failure of NDC system brings a regressive feature in the system that could disincentivate contribution, suggesting people to remain, or shift, into the informal sector of the economy. On this respect, NDC systems would perform even worse than traditional public DB systems, as the "old" systems rewarded work seniority and pensions awarded were typically significantly higher than social assistance.
The analysis of the current institutional framework in Italy, Sweden and Poland suggests that this issue is relevant. Thus, problems of actuarial unfairness and incentive failure in NDC systems emerge aside with the traditional concerns on pension adequacy, in particular for those at the bottom of the income distribution.
To address these issues, the paper explored the effects of increasing the possibility of cumulating social assistance and NDC pension benefits in Italy, above the current value of 1/3 and to 1/2. The empirical analysis is done using CAPP_DYN, a dynamic microsimulation model of the Italian pension system. Results suggest that under the proposed reform the incentive structure and actuarial fairness would improve, as would do adequacy. According to our simulations, about one million more pensioners than it is currently expected would benefit from a social assistance add-up on top of their NDC pension, without this endangering the public balance. A significant number of pensioners would be able, in this way, to pass from the first to the second quintile of income distribution.
Results presented in the paper, however, are still preliminary and need to be enhanced in the following three directions.
Firstly, one should reexamine the base model considering how a further increase of females' minimum retirement age thresholds in the private sector would change the picture. Indeed, the model already allows females to stay at work well above the private-sector female-worker old-age threshold of 60 years, since the individual retirement decision in CAPP_DYN is modeled using a sequential approach where, firstly eligibility conditions are verified and then retirement intertemporal convenience is checked. However, a drastic increase of females' minimum retirement age would likely force many women to stay on the labor market well beyond they expected and would like, with non-straightforward consequences on labor productivity, employment and the GDP growth rate.
Secondly, the effects of the policy intervention envisaged should be further developed and analyzed, in particular with reference to the characteristics of future social assistance recipients and the distribution of the net present value ratio among pensioners. Also, it would be interesting to combine this analysis with the one which enable us to consider differences in life-expectancy among people with different socio-economic status. Such topic has already, although separately, been considered using CAPP_DYN, unveiling another regressive dimension of NDC systems (Mazzaferro, Morciano and Savegnago 2011) .
Finally, our parametric reform should be compared with other policy options, in particular the two alternatives considered in section 5.2, namely i) allowing full cumulability of social assistance and NDC pensions and ii) reintroducing, within the NDC system, a minimum (contributory) pension. To do this, however, one will have to make comparable the effects on incentives, on adequacy and the costs of the three options, building an appropriate metric. Also, the extreme scenario of full cumulation of the two pensions should be examined in more details, considering it in the framework of a more general rethinking of the financing of welfare expenditure.
